The primary objective of this research is to construct a kind of PID controller which can adapt to the nonlinear and time-variation of the CNC servo control system. According to the trait and performance requirement of the CNC servo system, based on the traditional PID control and kalman filter theory, a kind of special PID controller has been designed, using the kalman filter to overcome the influence of measurement noise and control noise in the CNC servo control system, thus, the system possesses better self-adaptive ability and strong disturbance resisting performance. Several sets of experiments were carried out based on MATLAB/Simulink environment to test the validity of this PID controller. The dynamic simulation results show that the controller achieves better performance than the classic one, and it can restrain the noise and has better dynamic response characteristics. This research gives solution to the difficult controllability of nonlinear and time-variation system, which has important theoretical significance and engineering practical value.
Introduction
In the technology of modern stochastic optimal control and stochastic signal processing, signal and noise are often the multi-dimensional non-stationary stochastic process. Because of the time-variation and non-fixing power spectrum, the kalman filter theory was proposed in 1960, this theory realizes the data filtering processing in computer according to recursive algorithm in time domain [1] . Kalman filter is the best linear estimation based on the criterion of least mean-square error, thus, it not only can be applicable to the stationary system of scalar estimation, but also can be suitable for non-stationary time-variation systems of the multi input multi output. Kalman filter utilizes the state equation and recurrence method to estimate, and especially implements easily on computer [5] .
Because of the limitations of traditional PID controller, the control parameters are difficult to adjust in the system that with noise interference, and it is difficult to achieve ideal control effect, therefore, combining the kalman filter with the traditional PID controller can reduce the impact of noise on system, the kalman filter can feedback the filtering signal to the PID controller. Consequently, the composite PID controller can improve the control quality [4] . _______________________________________
The CNC feed servo system have the strong coupling, time-variation and nonlinear, so the control strategy is very complex, designing the better control strategy can not only compensate the shortcoming of hardware, but also can improve the system performance [3] . The high-performance servo system requires the control strategy have following characteristics, such as fast dynamic response, high dynamic and static precision, and the system is insensitive to changes and disturbances of parameters.
Mathematical model of CNC servo system

Composition of CNC servo system
As the important part of CNC, the main task of feed servo system is to control the displacement, direction and velocity of the movement of executive component. As shown in Fig.1 , it composes of mechanical transmission and electric drive control system [3] . The former includes worktable, tool holder, ball screw and transmission gear, the latter includes motor, drive control system, power amplifier and detecting element. So far, because of the better dynamic and static performance, the high-precision feed servo system usually uses the AC servo system driven by PMSM. The PMSM AC servo system is composed of permanent magnet synchronous servo motor, velocity and position sensor, power inverter and PWM generation circuit, and position-velocity-current controller. The AC motor is a strong coupling, time-variation and nonlinear system, so it is difficult to control. The mathematical model of PMSM AC servo system is shown in Fig.2 , the mathematical model in the fieldoriented control mode can be expressed as following transfer function:
In the equation (1), 
Principle of kalman filter and construction of control system
For the discrete linear system [6] :
In the equation, ( ) x k is the system state in k time, ( ) u k is the control quantity in k time. A and B are the system parameters, for the multi-model system, they are expressed by matrix. ( ) y k is the measured value in k time, C is the parameter of measurement system, ( ) w k is the process noise signal, ( ) v k is the measurement noise signal,
, these equations illustrates that process noise is not relevant with measurement noise, 0 0
shows that initial state and noise is independent.
The recursive algorithm of discrete kalman filter is [9] :
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The construction of kalman filter is shown in Fig.3 [7] , and the construction of PID control system based on kalman filter is shown in Fig.4 . Compared with traditional PID control system, the kalman filter is added to the output value of the controlled object, the measurement noise and the control interference value is reduced by the filter, the reduction process is reflected by that the output value after filtering is fed back to the system, therefore, the control performance of the system is enhanced. 
Simulation analysis
Convert the transfer function into discrete state equation by Z-transform, this can facilitate the simulation experiment [6, 8] .
The discrete state equation of the controlled object is:
The output with measurement noise of the controlled object is:
In the equation
The following simulation experiment is to verify the performance of the kalman filter, the simulation program is shown in Fig.5 , and the kalman filter algorithm is completed by M-function. The amplitudes of control interference signal ( ) w k and measurement noise signal ( ) v k are 0.10; they are the white noise, as shown in Fig.8 , the amplitude of input signal is 1.0, frequency is 1.5Hz, and it is a sinusoidal signal. In the kalman filter,
s , the simulation result is shown in Fig.6 and Fig.7 , the result show that the kalman filter has a good effect for the control interference and measurement noise. Analysis from the simulation results show that the dynamic response of control system is slow, settling time is long, steady precision is low, and the main reason is that there is constant error and random error in the signal and the system model is not very accurate. As show in Fig.9 , after using the kalman filter, the control effect of system has been improved distinctly, because the filter process the observation values by linear recurrence, it can calculate the optimal estimates of the system real-timely.
Conclusions
By introducing the kalman filter to estimate the effective information in the control values, the accurate control information has been obtained, and the CNC feed servo system has been optimized. The simulation results show that combining the kalman filter and the reasonable PID control parameters, we can obtain the stable output, shorter peak time, less noise and fewer shocks, simultaneously, the system can reach the stable state quickly. Consequently, compared with the traditional PID control, the PID control based on kalman filter has fast response, better stable performance, and high control precision, therefore, it has important theoretical significance and engineering practical value. 
